JE R E M IA H H O R R O C K S A N D H IS O P E R A P O S T H U M A
S the intellectual mists of the Middle Ages began to be dissipated by the rising sun of the Renaissance, one major problem became clear. This was no less than the reconstruction of Astronomy. It was also seen that the task involved two elements for its successful undertaking. For one thing, the hypotheses and theories which were then current must be submitted to critical re-examination in order to supersede them by a sounder alternative; in the second place, it was necessary to lay a new foundation by making systematic observations. This meant a labour which appealed to few individuals, but it was clearly inevitable. W hat remained in dispute was the value to be attached to the old observations, the stock which had been accumu lated over the previous fifteen centuries or more. The bolder spirits, impressed by the inaccuracy of the earlier observers, were prepared to reject the evidence from the past and to build afresh. The more conservative school on the other hand accepted such evidence at its face value. This attitude led them to perpetuate fallacies which had no foundation but in faulty observations.
In the fifteenth century the leading pioneer was Regiomontanus. He attacked the problem from both sides. He produced a new version of Ptolemy which had been begun by his master Peurbach, and he started to make regular observations himself. The progress he actually made may have been small, for these were early days and his own life was unfortunately cut short; but both his precept and his example were sound, and undoubtedly they exercised a profound influence in the years which followed his death.
In the next century the two functions needed for complete success are seen in separate action. By combining the ideas of Aristarchus of Samos with the system of Ptolemy, Copernicus produced a theory more harmonious in appearance and possessing the germ of a more accurate representation of the planetary motions. But Copernicus was not at all an active observer. In Tycho Brahe on the contrary the functions are reversed. Even the pure observer, if he is destined to eminence as such, needs that command of the theoretical position which will enable him to frame his programme of work to the greatest advantage of science. This Tycho possessed and he needed no more. It is essentially as an observer that he has earned undying fame.
That Tycho's work bore immediate fruit and was not soon lost from sight is due to Kepler. Kepler like Copernicus was no great observer, but he had the rich store of Tycho's observations on which to draw. It was Kepler himself who compared this partnership with the association at a longer interval between Ptolemy and Hipparchus. He first amended the Copernican theory so as to render it, what it had not been, a truly heliocentric system. Then he established the three famous kinematical laws ruling the planetary motions, the first two in the Astronomia Nova, the third in the Harmonices Mundi. Thus the problem of reconstructing Astronomy had made vital progress early in the seventeenth century.
Events have made Kepler's great contemporary, Galileo, a more romantic and probably a more popular figure, but he is less directly concerned with what is here represented as the main problem. Two things he did. By his application of the telescope he enlarged the scope of Astronomy, and by his work in dynamics he laid the foundation for what was to come later. In the meantime, when he suffered, he suffered for the doctrine of Copernicus, not for the doctrine of K epler; in a sense, he was a martyr to an outworn creed.
In all else he triumphed. The path which he had opened up others followed in rapidly increasing numbers. Among them it is perhaps natural to refer to Huygens because his astronomical career presents some striking similarities to that of Galileo. His success in observation was due to the employment of improved optical means. His aim was qualitative, not accurate, or still less systematic, measurement. He, too, studied the pendulum, and it must not be forgotten that his primary object was to make the clock an instrument of precision, thus conferring on observational Astronomy the greatest benefit. Equally he advanced the science of dynamics. But otherwise he was not concerned with the central problem of Astronomy. He remarked that all the existing astronomical tables were unsatisfactory, the Rudolfine no less than the 4i others. He saw the position much as it must have appeared to Region montanus two hundred years before, and this was only a few years before the publication of the Principia. For him, as for G had lived almost in vain.
This outline of familiar facts is drawn in order to distinguish the two currents which carried on the advance of Astronomy.
One broadening stream flowed through Galileo and Huygens, the other, at no time very wide, flowed through Regiomontanus, Copernicus, Tycho Brahe and came to an apparent stop with Kepler. The pause may have been short, but it was for the momemt complete before the advance was resumed and the two streams came together with Newton. Kepler himself, with no knowledge of dynamical principles, could go no farther. The prize was for the man who could unite this knowledge with greater mathematical power and start from the point where Kepler had left off.
It is unnecessary for the moment, even were it possible with cer/ tainty, to trace the development of Newton's ideas about gravitation before the production of the Principia. Doubtless they had grown casually from rudimentary notions presenting themselves at different times from early youth onwards, but never arriving at a stage which suggested publication to a man by nature reticent. Attempts to explain a supposed delay in claiming the solution have arisen from too narrow a view of the problem contemplated in the Principia. W ith this book the stream, tardy and intermittent, has become a torrent. In a moment, as it were, Celestial Mechanics springs forth, like Athene, ready armed.
As some comment on the idea that the late announcement of the law of gravitation needs to be explained it may be recalled that the first reaction of Huygens to the intelligence was that Newton had been over/hasty. O n the other hand, Hooke in a private gathering claimed that the law had been long familiar to him. Since its form can be deduced from Kepler's third law with an understanding of the nature of uniform circular motion, and since so much was common know/ ledge in English scientific circles, this germ of the discovery may be conceded to Hooke. But his further claim that he had succeeded in deducing elliptic motion from the same principle was not supported by evidence and is held to have failed. The point which deserves notice is the recognition in England that the key to the next advance lay in Kepler's laws, while on the Continent this fact was not realized or at any rate exploited. That Newton with the prodigal exuberance of genius was not content with a limited objective but pushed on until he had securely won a vast new territory is irrelevant to the present line of thought. This is directed, not to the end of the great work, which is what Newton's powers made it, but to the unhesitating acceptance of Kepler's laws as a sure foundation.
It is easy to be wise after the event. Later generations can look back over the history of science, can pick out the great discoveries, glance at the smaller ones, recognize the growth of important ideas and perhaps smile at a few errors. But for the most part the errors and the fallacies and the false starts are buried in oblivion. Very different was the scene for the contemporary world.
* If you can look into the seeds of time, A nd say which grain will grow, and which will not.'
That uncertainty applies with special force to the early seventeenth century and in particular to the astronomical ideas then current. Kepler's laws of planetary motion are not to be found duly numbered in an accepted textbook of the day. The works of Kepler from which they must be disinterred are voluminous, far from easy reading and by no means unalloyed gold. Yet, worst of all, the most important book, the Astronomia Nova, was a work before its time, given to a generation which was incapable of appreciating it. A few, such as that remark' able man, Thomas Harriot, may have been more penetrating. But by 1630, the year of Kepler's death, the key, though not lost, had become mislaid. Others, of whom Lansberg and Hortensius were the type, were foisting their counterfeit wares on the public and, not content with puffing their own, were actively disparaging the work of Tycho and Kepler. Had the Rudolfine Tables been perfect that would scarcely have been possible. It would have been seen that the theory on which they rested must be essentially sound. But of course they were in fact very far from being perfect.
Thus an interesting question of no little importance emerges. A t the time of Kepler's death the seeds which he had sown had to all appearance fallen on barren soil more favourable for the cultivation of a crop of weeds. Yet at some time, certainly before the was written, these precious seeds had been rescued, their true value had been recognized, at least in England, and a wonderful harvest was on the point of being reaped. W hat had brought about this vital change of outlook ? Another factor in the situation must not be forgotten. It is the vortex theory of Descartes. This had no little influence even in England. But elsewhere, especially in France, it had a great vogue and a conservative section of the Paris Academy of Sciences clung to it until well into the eighteenth century. A ll this helps to explain the divergent attitude taken by certain prominent members of the Royal Society in its early days and the rest of the world towards the cardinal problem of Astronomy. But it does not explain how confidence in the doctrines of Kepler had been restored and established in that scientific circle which was in contact with Newton.
In the James Gregory Memorial Volume, edited by Prof. H . W . Turnbull and lately published, references are to be found to Kepler's problem. This had been solved by Wren (1658), whose solution was reproduced by Wallis in his work
Cycloide. Gregory obtained a solution in the form of a series (1670) ; and this is remarkable because it represents an application of Taylor's method of expansion nearly half a century before the theorem was published by Brook Taylor. Now the problem is to find a line through a given point on the diameter of a semi/circle which divides the area in a given ratio. It is true that this geometrical question can be expressed by Kepler's equation in its familiar form ; but there is no reference to its astronomical significance, and it seems as if that aspect of it had disappeared from view.
For the revived interest in the astronomical doctrines of Kepler one explanation can be suggested and, in the absence of any other, may deserve serious consideration. It is the publication of the Opera Posthuma of Jeremiah Horrocks. The first impression was finished in 1672 and copies reached Newton before the end of that year and Gregory early in the next. A copy in the library of the Royal Society is dated 1673. These were hard times for publishers (bookseller under/ takers) of this class of book. Collins, who had a large share in transactions with the trade, reports that Hickman, the undertaker of Horrocks s work, * broke/ and a few years later that the booksellers had lost so much by the books of Wallis, Horrocks and Barrow (' the best things extant ') that it was hard to persuade them to undertake more. In fact Moses Pitt bought a ' remain* of over two hundred copies of Horrocks, ' a very good book . . . very damageable to the undertaker. But this must have been a profitable transaction, for shortly afterwards Hearne mentions that the book was ' now very scarce ' and in 1678 a new edition, a reprint of that of 1673, was produced. All this is evidence that the book after a slow beginning had established itself in favour. Not that its merits had failed to find recognition from the first. Thus Gregory:
' I received . . . that box . . . and particularly Horrocii Post' huma, for which I must acknowledge myself exceedingly engaged to you. I have perused him and am satisfied with him beyond measure. It was a great loss that he died so young . . .' A nd Newton: ' I must join with Mr Gregory in admiring Mr Horrox.' This may be terse but it is enough to prove that from 1673 onwards Newton was in possession of what Horrocks had written over thirty years before, and that he saw its value. Sir John Herschel described Horrocks as ' the pride and boast of British Astronomy/ but it is the extent of the impact which his work made on the age of Newton which is more important than later eulogies.
A t this point it may be well to look more closely at the development of the idea of gravitation as related by Rouse Ball in his excellent ' Essay on Newton's P r i n c i p i a. ' The story begins with Newton at W ools' thorpe in 1666, and is based on his own account and on conversations reported by Whiston and by Pemberton. In outline the argument in modern form ran thus: In planetary motion is constant (Kepler). Now in uniform circular motion the acceleration to the centre is «2tf3 (Huygens and Newton, doubtless independently). Hence the acceleration varies as 1/a2 or 1 / r 2. For what i result was noticed by Huygens and published in 1673. The argument is so simple that there is no reason why Hooke should not have done the same thing independently. Later the result was familiar to him, to W ren and to Halley. But Newton took another step, deducing (again in modern form) that g = n2a n ' "3, where a is the radius of the «, 7r the mean motion and parallax of the Moon in an orbit considered circular. According to both Whiston and Pemberton he based the value of a on i°= 6 o miles (English, not nautical) and the resulting value of g led him to admit the action of forces other than gravity. Whiston adds that Newton was led back to the Cartesian vortices then in vogue at Cambridge. Newton himself says nothing of all this, but that he found the calculation to ' answer pretty well.' Both the wits nesses (who are not altogether independent) assert however that this agreement was only reached on using Picard's value of , and that apparently in 1679; the book containing this value was published late in 1671, but there is no evidence to suggest that Newton so much as thought about the subject to any effect between 1666 and 1679.
The line of reasoning followed at Woolsthorpe and taken by itself has very little value. Apart from the fact that the application of the general law at a point on the surface of a sphere was based at the time on a pure assumption, as pointed out by Adams, the lunar orbit is far removed from pure Keplerian motion. W ith the best possible figures therefore a result of the right order of magnitude is all that can be expected or obtained. The argument is suggestive, nothing more, and it is quite natural that Newton allowed the subject to pass out of his mind for thirteen years afterwards. To account for his silence about the matter seems superfluous; but two things are to be noted. He did use Kepler's third law, with what degree of confidence cannot be known. But though he must have been aware that the Moon's orbit is not Keplerian, it did not occur to him to consider the first and second laws for planetary motion. This he did only after 1679, and then only on the instigation of Hooke. It is unnecessary to trace Newton's sub^ sequent progress or to pay attention to the unfortunate dispute with Hooke. W hat does seem relevant is to notice that the problem was discussed by Wren, Hooke and Halley together. They saw, what Newton had overlooked in 1666, the next step to be taken and Wren gave the challenge to produce a proof that the gravitational orbit was an ellipse. Hooke failed to claim the reward offered, and it was presumably after this meeting that he raised the subject in correspondence with Newton. Hooke may have failed to prove the elliptic orbit, but his assertion of it was in no sense the result of a guess. It represented his faith in the planetary theory of Kepler, and that faith was shared by Wren and Halley. In turn, it may be indirectly, the same faith inspired the P r i n c i p i a; hence the importance of any work which could effectively serve to rehabilitate the astronomical system of Kepler.
Horrocks died 3 January 1641 (O.S.). This date is certain. But the date of his birth is within limits a matter for conjecture. According to tradition it was 1619; but it has been suggested that it should be placed a year or two earlier, and every year allowed would make the story of his life more plausible. Toxteth, then a village near Liverpool, saw his birth and death. He entered Emmanuel College, Cambridge, 18 May 1632 and remained there three years. After some years at home he was ordained in 1639 and held the curacy of Hoole, fifteen miles northward from Liverpool, between June 1639 and July 1640. It was at Hoole that he observed the transit of Venus 24 November 1639 (O.S.). All this was before the English public school had developed the slow motion method of education, and Horrocks may perhaps have entered Emmanuel College at the age of thirteen. In the same year Wallis joined the same college at the age of sixteen and John Worthington when he was two years younger than that. But it seems less probable that Horrocks was ordained at twenty, though the age of ordinands was less than at the present day. Since, however, Wallis asserts positively that Horrocks at the time of his death had at the outside barely reached his twenty^third year, the date of his birth can hardly be placed earlier than 1618. As the two were at college at the same time the testimony of Wallis may be trusted on the point.
The question of Horrocks's age within a year or two at any point of his life is relatively unimportant. Nothing can alter the fact that his whole astronomical career was compressed within an extremely short period. His earliest study of the subject dates perhaps from 1633 and his first observations were made about two years later, possibly on leaving Cambridge. Lamenting the hindrances of poverty and isola^ tion, Horrocks had provided himself with the works of Lansberg, the Uranometria, the Progymnasmata and the Tabulae which had been commended by Gellibrand. To these may be added the De Motu Solis of Hortensius, but no book of Kepler, whom with Tycho Brahe his course of reading had taught him to contemn. He had done little more than compute ephemerides for several years in advance, a useful exercise, when he made the acquaintance in 1636 of William Crabtree, a man several years his senior, living only twentyTour miles away at Broughton, near Manchester. This ripened into the friendship of two kindred spirits and led to a mutually helpful scientific corres' pondence. Crabtree also had been using Lansberg's Tables and had found them to differ seriously from his own observations. The com/ munication of this fact led Horrocks to examine his results too. Some had agreed with the tables; others, which were discordant, had been dis/-missed as erroneous observations, though there had been no reason to suspect any source of error. But now suspicion was aroused and confidence in Lansberg's Tables, of which the copy used is now at Cambridge in the Trinity College Library, was quickly undermined. The disillusionment in the mind of Horrocks was profound but salutary. W ith an ardour sharpened by the regret he felt for lost time, as though he knew what a year or so meant in his short life, he turned to the study of Kepler. Comparison of his observations with the Rudolfine Tables soon persuaded him of the superiority of these tables to all others and led him to the conclusion : he has everything who has Kepler. The work which Horrocks performed was exactly that which the astronomy of his age demanded. Kepler had placed the science in the firm position from which the next advance was to come. The difficulty was to recognize the fact among the strident claims of his contemporaries. The minds of many were disturbed when it was seen that astronomers could not agree among themselves. It was doubted whether astronomy could ever be solidly and certainly estab/ lished. In this confusion Horrocks speaks with an unmistakeable note of authority, and not as the scribes. In spite of his youth there is no doubt about the source of his authority, the native sense of the real observer coupled with an insight which enabled him to discriminate instinctively and unerringly between what was true and what was false. Lansberg was false in his hypotheses, in his numbers, in everything.
But Kepler has found the true causes of the motion and the real form of the planetary orbits. His hypotheses are true, the numbers, on which his tables are based, are at fault. But even of Kepler Horrocks is no slavish follower. His main work fell into two parts. The first is a general critique of the astronomical problems of his time. This has survived. The other, nearly completed at the time of his death, is a reconstruction of Kepler's work based on improved data determined by his own observations. This has disappeared. Even the critical work remained unpublished for thirty years. It is to be deplored that its clarifying effect was thus delayed and in the main lost.
The publication of the works of Horrocks has an interesting history. It concerns a group of three Emmanuel men, Horrocks himself, John Wallis and John Worthington on one side, and the Royal Society on the other. The papers of Horrocks were scattered. Some went to his brother Jonas in Ireland and were lost. A party of marauding soldiers at the beginning of the Civil W ar destroyed such as they found at his Toxteth home. Some notes went to Jeremiah Shakerley and were used in compiling his Tabulae \ these disa the great Fire of London. But Crabtree gained possession of the re/ maining and, it may be hoped, the more important part of the papers and correspondence. These were bought by Worthington after Crab/ tree's death. According to the Broughton church register William Crabtree, chapman, died in 1644 (
). According to Wallis in the Opera Posthuma he died ' not long after ' or even ' a few days after Horrocks. But in a later letter to Collins Wallis changes the date to 1652 or 1653 and for his previous error he quotes the authority of W orthington: ' I wonder he should be so much mistaken.' If the early date is right, Worthington bought the MSS. when he was fellow of Emmanuel; the late date falls in the interval 1650/60 when W orth/ ington was Master of Jesus College. The mistake therefore seems extremely unlikely, and it is more reasonable to accept the date 1644, the year in which Gascoigne fell at Marston Moor. In any case the opportunity to acquire the papers may be due to the fact that Worthing/ ton was a Manchester man by birth, and the motive may be found in a pious respect for the memory of a contemporary Emmanuel man. For Worthington was a theologian and had musical but not scientific tastes.
It was presumably through Wallis that the manuscript of Venus in Sole visa passed from Worthington into the hands of the Royal Society in its very earliest days. A t a meeting it was voted worthy of publican tion by a majority, and Huygens who was present at the meeting received the MS. for transmission to Hevelius. It was published by the latter along with his own Mercurius in Sole visus and thus, as Wallis expresses it, the English Venus was mated with the Danzig Mercury. But this was in 1662, more than twenty years after the death of the man who had made the unique observation; and the MS. was not returned.
It does not seem clear whether the other remains of Horrocks were delivered by Worthington to the Royal Society at the same time as the Venus in Sole visa or at some later date before his death in 1671. W hen this happened Wallis had returned to Oldenburg all the papers which had been entrusted to him for editing. They are now stated to be in the Bodleian Library, but how they came to be diverted from the owners ship of the Royal Society, or in what state of completeness they may be, has not been ascertained.
The critical work of Horrocks, which constitutes the main part of the O peraPosthum a, was reconstructed by Wallis in a connected form from a number of MSS. in different stages of development. The pnv cess of fusion has left visible traces in the repetition of certain passages. After this part the separate sections have each their own title page dated 1672 with the words ' Impensis J. Martyn Regalis Societatis Typo^ graphi ' omitted. They contain the letters of Horrocks to Crabtree 1636^40, translated into Latin by Wallis, observations made by Horrocks 1635^40, and observations made by Crabtree 1636^38.
These three sections nearly complete the volume, but there are two small additions. O n Wallis fell the arduous task of literary editorship ; but in the production of the work John Collins was associated with him. Collins was no doubt a good man of business, and he played a meritorious part in the scientific history of his time. But in this case he was not altogether happy. Allusion has already been made to a solution of Kepler's problem by Gregory in the form of a series. This result, of the highest importance at the time, was communicated to Collins, who withheld it from publication on the ground of some A pril 1940 d trivial slip. He then proposed to add it to the Horrocks volume. But this fell through owing to the bankruptcy of the publisher, and the extraneous item will not be found in the book. But Collins was persuaded, and not without reason as the event showed, that the book could not be expected to sell without the addition of some more up/ to/date material. In following this course he acted under the influence of John Flamsteed (then of Derby) rather than of Wallis. The first piece added is a paper by Flamsteed on the equation of time and has nothing to do with Horrocks. But the other piece purports to give an account of the lunar theory of Horrocks, with tables and an explana/ tion by Flamsteed. The description of the theory is conveyed by reproducing a letter from Crabtree to Gascoigne, while the original letter from Horrocks to Crabtree on the subject has been suppressed. This treatment of the matter caused intense annoyance to Wallis, who protested in vain and is free from responsibility. It is much to be regretted that a second/hand account was substituted, because the lunar theory of Horrocks probably marks his greatest advance on the ideas of his predecessors. Here there is no doubt about the influence of Horrocks on Newton, who pays tribute to his theory in the Principia.
It would take too long to make any analysis of the contents of the Opera Posthuma or even of the work of criticism which occupies the first place in the volume. But two examples of the thought of Horrocks may be mentioned. The first refers to the solar parallax. For a long time the value 3' had been accepted. This traditional figure was reduced to T by Kepler. But Horrocks was far from satisfied. In the first place he argues that all previous estimates were based on fallacious reasoning. In the next place he concludes that according to all the existing observations which could be used for the purpose the solar parallax is really insensible. Finally, since a direct measure was then impossible, he resorts to a most ingenious inference in order to obtain an estimate of the right order of magnitude. The Earth is a planet and therefore likely to be of the same order of size as its neighbours in the planetary system. But their semi/diameters at unit distance were known, at least roughly, and hence the semi/diameter of the Earth at the same distance can be inferred. This is the solar parallax and so the estimate 5i of 15" was obtained. It is purely qualitative but it represents the first approach to the true figure. Little more than thirty years later it was brought under 10" by Flamsteed.
But the mind of Horrocks was deeply concerned by a question even more profound than the absolute scale of the solar system. Kepler had reduced the planetary motions to some measure of order. But there were naturally outstanding irregularities, partly arising from real physical causes, partly merely apparent. How were such anomalies to be viewed ? Kepler himself admitted the operation of irregular causes of an accidental kind. The question was further complicated by theological arguments based on the interpretation of contradictory Scriptural passages. A t this critical moment Horrocks appeared as the champion of scientific determinism. Though his piety was of the most transparent kind, he has no difficulty in brushing aside the theo' logical contentions and upholding the reign of natural law. He saw that there could be no compromise if a science of astronomy as he conceived it was to be possible at all. His work as a patient observer all strengthened his conviction that the goal was within reach. Already he had succeeded in amending the numerical data adopted by Kepler with most encouraging results. Thus he was confirmed in the sure belief that the universe was governed by natural laws capable of mathe^ matical statement, and that the discovery of these laws needed only more complete and more accurate observations. In a word, science was possible.
This view may be fittingly conveyed by translating the words in which Horrocks himself concludes the argum ent:
' A nd so, to make an end at last, it is wrong to hold the most noble Science of the Stars guilty of uncertainty on account of some people's uncertain observations. Through no fault of its own it suffers these complaints which arise from the uncertainty and error not of the celestial motions but of the human observations. O n which I do not fear to maintain an opinion in this matter against Kepler himself; and I do not consider that any imperfections in the motion of the stars have so far been detected, nor do I believe that they are ever to be found. Far be it from me to allow that God has created the heavenly bodies more imperfectly than man has observed them /
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To return to one point, it has been suggested that both Horrocks and Hooke were links between Kepler and Newton. How important such links may have been can be understood when it is considered how superficial Newton's knowledge of Kepler apparently was. To quote a sentence from Newton's letter to Halley of 20 June 1686, printed in Rouse Ball's Essay (p. 158) : ' For as Kepler knew the orb to be not circular, but oval, and guessed it to be elliptical, so Mr Hooke, without knowing what I have found out since his letters to me, can know no more, but that the proportion was duplicate quam proxime at great distances from the centre, and only guessed it to be so accurately, and guessed amiss in extending that proportion down to the very centre, whereas Kepler guessed right at the ellipsis.' Had Newton possessed a thorough first-hand knowledge of the Astronomia Nova it is incon ceivable that he could have used this language about Kepler, even if he was writing in extreme temper with Hooke. O r was it really his opinion that a most patient deduction from observations was no better than a mere guess ? In that case what was left to link his own theory with observed fact ? The incident is highly characteristic of the seventeenth-century spirit. In that age the one thing which men prized above all else was a reputation for originality. A n aspersion on that was resented most bitterly; and to such an extent was this feeling carried that it was considered preferable to remain ignorant of a man's work rather than to incur the suspicion of borrowing his ideas. James Gregory has recorded an actual instance relative to the works of Soverus in the library at Padua.
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